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Objective: Several scoring systems have been proposed to quantify surgical complexity, and provide an
insight into expected peri- and postoperative surgical outcomes following partial nephrectomy. How-
ever, it is still unclear which of the scoring systems has a better outcome in predicting functional out-
comes after partial nephrectomy. In the present study, we assess the use of R.E.N.A.L. (Radius, Exophytic/
endophytic properties of the tumor, Nearness of tumor deepest portion to the collecting system or sinus,
Anterior/posterior descriptor and Location relative to the polar line.), PADUA (preoperative aspects and
dimensions used for an anatomical score), and centrality index scores to predict the renal function for
patients who underwent partial nephrectomy.
Materials and methods: We retrospectively reviewed 26 cases with renal tumors managed with open
partial nephrectomy at our institution from January 2008 to October 2013. R.E.N.A.L., PADUA, and cen-
trality index scores were assigned according to the described protocols for those systems. We evaluated
the association between scoring systems and both early and late postoperative functional outcomes.
Results: The mean age of the study population was 56 years. Of the patients, 18 (69%) were men. The
mean tumor size was 4.04 cm. Each scoring system performed signiﬁcant correlation with both early and
late functional outcomes (p < 0.05), whereas R.E.N.A.L nephrometry and PADUA classiﬁcation showed
high correlation (0.715 and 0.721) and centrality index showed moderate correlation (0.451).
Diameter of tumors, as a single anatomical parameter, does not correlate with functional outcome
signiﬁcantly (p ¼ 0.974 1 day after surgery and p ¼ 0.865 1 year after surgery).
Conclusion: R.E.N.A.L., PADUA, and centrality index scores were inversely associated with renal function
preservation after partial nephrectomy. In this regard it is possible to use these scoring systems pre-
operatively to gauge the magnitude of functional decrease.
Copyright © 2015, Taiwan Urological Association. Published by Elsevier Taiwan LLC. All rights reserved.1. Introduction
Partial nephrectomy (PN) has become the optimal treatment of
small renal tumors. It provides comparable oncologic outcomewith
radical nephrectomy, preserves renal function, and decreases
overall mortality.1,2 Increasing age, tumor location, and larger renal
volume reduction are independent factors adversely inﬂuencing
renal function after PN. Recent studies also conﬁrmed that func-
tional volume preservation is a primary determinant of the long-
term functional outcome after PN.3,4 The feasibility of PN dependsMackay Memorial Hospital,
ngshan District, Taipei 104,
.
ciation. Published by Elsevier Taiw
al., Functional outcome predi
ological Science (2015), http:on the anatomical characteristics of the renal mass and the expe-
rience of the surgeon.
Unlike single tumor features such as diameter, several scoring
systems convey additional information on endophytic percentage,
location, and depth. These clinical methods have been proposed to
quantify surgical complexity, and provide an insight into expected
peri- and postoperative surgical outcomes following PN. In
R.E.N.A.L. nephrometry scores, the attributes tumor size, exophytic
percentage, depth, and polar location are factored into a sum score
that represents tumor technical complexity.5 The PADUA classiﬁ-
cation includes multiple characteristics of the tumor on preopera-
tive imaging to assign a score to the tumor.6 In the centrality index
(C-index), scoring the distance from tumor center to kidney center
is calculated and divided by the tumor radius. This yields aan LLC. All rights reserved.
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Table 1
Demographic and clinical data of the study population.
Mean ± SD
Age, (y) 55.9 ± 12.5
Men, n (%) 18 (69.2)
BMI (kg/m2) 26.3 ± 5.3
ASA score 2.26 ± 0.4
Operation time (min) 253.8 ± 60.4
Estimated blood loss (cc) 605.4 ± 748.3
Tumor size (cm) 4.04 ± 1.6
eGFR (mL/min/1.73 m2)
Preoperation 80.4 ± 32.0
Early 64.3 ± 27.5
Late 74.3 ± 23.6
Renal function preservation (%)
Early 81.3 ± 30
Late 93.1 ± 20
ASA ¼ American Society of Anesthesiologists; BMI ¼ body mass index;
eGFR ¼ estimated glomerular ﬁltration rate; SD ¼ standard deviation.
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the kidney center.7
Several recent reports suggest an association of these scoring
systems with various surgical outcomes such as estimated blood
loss, ischemia time, and complication rates.8e11 However, it is still
unclear which of the scoring systems has a better outcome in
predicting functional outcomes after PN. In the present study, we
assess the use of R.E.N.A.L., PADUA, and C-index scores to predict
the renal function of patients who underwent PN.
2. Materials and methods
We retrospectively reviewed 26 cases with renal tumors
managed with open PN at our institution from January 2008 to
October 2013. All patients received open PN in our institution under
renal artery clamping using a vascular clamp (Bull-dog). Tumor size
and location, depth of invasion into the renal parenchyma, and
relationship to the hilar structures were determined from preop-
erative imagingwith contrast enhanced computerized tomography.
Demographic and clinical datawere obtained frommedical records.
R.E.N.A.L. nephrometry, PADUA classiﬁcation, and C-index
scores are evaluated according to the protocol of these systems.
R.E.N.A.L. nephrometry is based on ﬁve criteria: (1) R, radius
(maximum tumor diameter); (2) E, exophytic/endophytic proper-
ties of the tumor; (3) N, nearness of the tumor to the collecting
system; (4) A, anterior/posterior descriptor; and (5) L, location
relative to the polar line.5 In PADUA classiﬁcation, all tumors were
classiﬁed by integrating size with the following anatomicalTable 2
Renal function (eGFR) and renal function preservation after partial nephrectomy stratiﬁe
No. of patients Preoperation eG
(mL/min/1.73 m
R.E.N.A.L.
Low (4e6) 9 74.2
Intermediate (7e9) 11 70.1
High (10e12) 6 105.9
PADUA
Low (6e7) 5 64.1
Intermediate (8e9) 11 86.3
High (10e13) 10 83.3
C-index
Low (>2.5) 13 73.1
High (<2.5) 13 86.6
eGFR ¼ estimated glomerular ﬁltration rate; RFP ¼ renal function preservation; SD ¼ sta
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location; tumor relationships with renal sinus or urinary collecting
system; and percentage of tumor deepening into the kidney.6 The
C-index is based on the ratio of distance of the tumor from the
kidney center-to-tumor radius, yielding a single continuous vari-
able which describes the relationship between the center of the
tumor and the center of the kidney.7 In the R.E.N.A.L. system, tu-
mors were further categorized into low (4e6), moderate (7e9), and
high ( 10). In the PADUA classiﬁcation, tumors were characterized
as being of low (6, 7), moderate (8, 9), or high ( 10) complexity. For
the C-index system, tumors were separated into two categories of >
2.5 (low complexity) or < 2.5 (high complexity).12
Renal functionwas estimated by estimated glomerular ﬁltration
rate (eGFR) with the Modiﬁcation of Diet in Renal Disease equation.
Serum creatinine 1 day before surgery was used as the baseline
renal function. Early postoperative renal functionwas measured on
the next day of surgery. Late renal function measurements were
made at a median period of 12 months (range, 11e13 months).
Percentages of postoperative renal function and baseline renal
function were measured. We evaluated the association between
scoring systems and postoperative functional outcomes.
In the statistical analysis, all data were expressed as
mean ± standard deviation. The analysis of variance test was per-
formed on R.E.N.A.L nephrometry subgroups and PADUA classiﬁ-
cation subgroups, whereas t test was used for C-index subgroups. A
p value < 0.05 was considered statistically signiﬁcant. Pearson's
correlation analysis was performed on three scoring system. The
statistical analysis was performed using IBM SPSS version 21.0
(IBM, International Business Machines Corporation, United States).
3. Results
Table 1 lists the demographic and clinical data of the 26 patients
who underwent PN. Themean age of study populationwas 56 years
(range, 27e78 years). Eighteen (69%) of the patients were men. The
mean body mass index was 26.3 kg/m2 (range, 18.4e39.0 kg/m2).
The mean American Society of Anesthesiologists score was 2.26.
The mean tumor size was 4.04 cm (range, 1.6e6.7 cm). The mean
baseline eGFR before operation, in early and late stage was 80.4,
64.3, and 74.3, respectively. The average percent of renal function
preservation after 1 year of surgery was 93.1%. Age, body mass in-
dex, and baseline eGFR had no signiﬁcant difference between each
category of the three scoring systems.
R.E.N.A.L., PADUA, and C-index scores were all inversely asso-
ciated with renal function preservation 1 day and 1 year after PN
(Table 2, Figure 1). The percentage of renal function preservation in
low, intermediate, and high R.E.N.A.L. nephrometry groups wasd by R.E.N.A.L., PADUA, and C-index score groups.
FR
2)
Postoperation eGFR
1 d 12 mo
Mean RFP ± SD (%) p Mean RFP ± SD (%) p
92.63 ± 28.1 101.45 ± 12.8
85.40 ± 19.0 0.037 89.80 ± 10.6 0.048
59.04 ± 21.3 71.80 ± 23.4
111.20 ± 18.6 102.20 ± 15.6
79.6 ± 19.3 0.014 97.35 ± 5.1 0.028
69.57 ± 24.3 76.25 ± 15.3
94.50 ± 24.3 0.019 99.79 ± 11.9 0.030
70.13 ± 21.7 80.93 ± 16.9
ndard deviation.
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Figure 1. Inverse association between scoring systems and renal function preservation
1 year after partial nephrectomy.
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The percentage of renal function preservation in low, intermediate,
and high PADUA groups was 102.20%, 97.35%, and 76.25%, respec-
tively. The percentage of renal function preservation in low and
high C-index groups was 99.79% and 80.93%, respectively.
The diameter of tumors as a single anatomical parameter does
not correlate with functional outcomes signiﬁcantly (p ¼ 0.974 1
day after surgery and p ¼ 0.865 1 year after surgery). Each scoring
system performed signiﬁcant correlations with late functional
outcomes, with R.E.N.A.L nephrometry and PADUA classiﬁcation
showing high correlation (0.715 and 0.721, respectively) and C-
index showing moderate correlation (0.451). The 1-year average
renal function preservation after radical nephrectomy in the same
period in our institutionwas 63.4% andwas signiﬁcantly lower than
the average renal function preservation after PN (93.0%, p < 0.001).Please cite this article in press as: Lin T-P, et al., Functional outcome predi
classiﬁcation, and Centrality index score, Urological Science (2015), http:4. Discussion
Despite the longer operative time and more blood loss in PN
compared with radical nephrectomy, PN has become the standard
treatment of small renal masses due to a better functional volume
preservation. There are many independent factors inﬂuencing
functional outcome after PN, including increasing age, upper polar
tumor location, and larger renal volume reduction.4 The more renal
parenchyma left intact, the better the functional outcomes with
respect to the remaining renal function.13 In the past decade, if
there was an association of anatomical tumor features with percent
functional volume preservation then functional outcome was also
evaluated. As a quantiﬁable tool for renal mass evaluation, scoring
systems are expected to predict not only oncologic or surgical
outcome, but long-term functional outcome. In our study,
R.E.N.A.L., PADUA, and C-index were inversely associatedwith renal
function preservation after PN. In this regard, it may be possible to
use these scoring systems preoperatively to gauge themagnitude of
functional decrease.
Nephrometry score is a worldwide tool used to study the effects
of anatomical tumor features on outcomes.5e7 Scoring is thought be
a more powerful predictor than any single feature alone. Central
tumor site and endophytic presence is associated with increased
complication rates and ischemia time.14e18 Matthew et al19 showed
that R.E.N.A.L. nephrometry was signiﬁcantly associated with sur-
gical outcomes including estimated blood loss, warm ischemia
time, and length of hospital stay in patients undergoing PN.19 In
recent reports, R.E.N.A.L. nephrometry scores were associated with
changes in the percent functional volume preservation and the
perioperative functional decrease.20 In our study, R.E.N.A.L.
nephrometry scores were associated with renal function preser-
vation in early and late periods after PN.
The PADUA classiﬁcation of renal tumors takes into consider-
ation ﬁve anatomical aspects of the tumor plus its maximal diam-
eter.6 The main differences between PADUA classiﬁcation from the
R.E.N.A.L. nephrometry are represented by the deﬁnition of the
sinus lines and the evaluation of the anatomical relationship be-
tween the tumor and the urinary collecting system or renal sinus.
Ficarra et al6 showed an association between PADUA score and
complication rates in 164 patients undergoing PN. In a more recent
multi-institutional review of 347 robot-assisted PNs, PADUA score
and complexity level were found to be independent predictors of
ischemia time longer than 20 minutes and overall complications.21
Postoperative functional outcome between PADUA score and PN
was not previously well-established, and in our study a high cor-
relation was also proved.
The C-index was described in 2010 as a means to “more effec-
tively gauge the technical complexity of partial nephrectomy sur-
gery”.7 It reported an association of the C-index with warm
ischemia time, which is a surrogate for technical complexity.
Interobserver concordance of measurements is > 90% after a brief
learning curve.7
A good scoring system has many challenges. Firstly, it must gain
widespread use in urological literature. Secondly, the method must
be reproducible and objective. In previous reports, all three
methods demonstrated excellent reliability with an interobserver
correlation.22 In our study, all three methods showed signiﬁcant
ability to predict either early or late functional outcome and were
all in high correlation. These excellent results can help urologists to
predict functional outcomes more precisely before surgery.
There are several limitations in our review. Firstly, the small
sample size and retrospective nature of the case collection limits
the power of the data. Secondly, all operations were performed in
an open method by experienced surgeons in the same center.
Thirdly, the renal function was evaluated with eGFR rather thanction after partial nephrectomy using R.E.N.A.L. nephrometry, PADUA
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tate. The interobserver variability of the three scoring systems
should also be considered.
5. Conclusion
Scoring systems including R.E.N.A.L. nephrometry, PADUA clas-
siﬁcation, and C-index can standardize the features of renal tumor
and were associated with changes in the early and late total func-
tional preservation after PN. Prospective analysis is required in
more patients and multiple centers to develop more powerful
outcomes.
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